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GENERAL DESCRIPTION 

The Homs CA3318C is a CMOS paraii 
to-digiiat convenor d«signod lor applicati^ ciomnndin.i 
both low power consumption and high-speed digitrration 

The CA3D 10 operates over a wide lull-scale inpui-voltuuo 
rnngo of 4V up to 7,5V with maximum power coneumptiom 
dopood |n g upon tho do ok frequency selected When on*#r- 
oteo Iron) a 5 V supply at a clock frequency of 15 MHz, the 
typical powor consumption of the CA3318 is 150 fnW. 

th9 intnnsic hkjh conversion rate makes the CA3010 
idea y suited for digitizing htgh-speod signals Thu ovorfiow 
. makes possible tho connection of two of more CA331f)*& 
in sanet to increase the resolution of the conversion syt> 
tem, A senes connection of two CASSIS 1 * may bo used to 
produce a 9* bit high-speed converter. Operation of two 
GA331B‘$ m parallel doubles the conversion speed (i a In* 
cheeses the sampling rnlo from 1 h to 30 MHz), 

?bi> paralleled auio-balanced voltage comparators mon 
Sur« the Input voltage with respect to a known reference to 
produce the parallel-bit outputs in the CA3316 

255 comparators nre required to quantize alt input voltage 
levels in this S-bit converter, and the additional comparator 
is required for the overflow bit. 
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o Speed 8-Bit Flash 
•to-Digital Converter 


* CMOS Low Puwatf wtfd gO§ ff$a «HtV Ijz 
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• 7 Unlit In flatlet Attvw V|RO«M 



ORDERING INFORMATION 


• 'J * Mill* In P»r«nvt AJk/w >0 l#Hj $anp*i^ 

APPLICATIONS 
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* UrtriNQurMt l^igrifturt Aft r*rvt» 

• TiantiltnP Mgnel 

J * Hlflh-ln*»yy Phytkl R» IWd i 

* * Hloh*8|wd Oec moat op# 91 

* General Pm pot * Hybrid ADC* 

" # Optical Character Retog 1 * y 
*• Radar Pul** Anelyal* 

T* Motion filg nature Aru>>ya*t 
** pP Data Acquisition Syate-mt 


1 Part i 

Humber 

' Linearity 
(INL) 

OA3318CE 

i 1 .5 LSB 

CA3318CD 

Jt 1 .5 LSD 


ft *. 


Sampling 

Rata 


15 MHz (67 ns) 


i «• * ■ «i 
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Temperature 

Range 
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Plgurit 1: Pin Configuration 
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absolute maximum ratings 

pc Supply Voltngo Haogo (Vro Or Vaa* ) 

(HelmerauU to Vss or V^a' Tormlnal. Wind*- 

r /*« »$ Morn Negative) 0,5V to + 6V 

^xit Voile go R ange \ 

CTT Vaa - 0.5V 10 V? *f o.sv 


CF?*nd 
Ckx*. Wiese. Vp(.|. 

Yi Hof . 

•4 Rof , . . 

v Wt % rit, v HU + 

Output Voltngo r tango 
Brt$ 1 -8, Overflow 


W * * !>(*»» 


» f I I » ' • S 5 


. Vaa“ - O.SVtoV/vA 4 + 0 5V 

Vgs 0.5V to Vpo 4- 0.5V 

..Vaa‘ " 05V1OVAA- +7.5V 


(Outputs OH) Vss - 0.5V to Vdd + 0.5V 

OC Input Curront ± 20 mA 

Clock. Phasu, CFT. CEP, Vi«, Bits 1-6. Overflow 


CA3318C 


Powei Dissipation por Package (Pq) 

HotIa^* — 4CTC to -4 55*C . . . .315 mW 

FotTa ^ 55*CtoB5*C Derate U nearly 

at 3 3 mwrc 

Temperature Range 

, Operating . . , * - 4CTC to + 85*C 

Storage -6S*C to + 150*D 

Lead Tomporature (During Soldering) 

At Distance %, In. ± %t in. (1.53 mm 
± 0.79 mm) from Case for 1 0s Max + 265‘C 

MOTE: Stinsaes above those listed ttnefor **Ahnokde Maximum Patmgs' 
may causa parmanant damage to dm donee. These are stress ratings unty 
and functional upimition ot the device at these or any other con&hons 
above those indicated In the operational so effort* of the specifications H nor 
implied. Exposure to absolute maximum rating conditions for extended pun 
ods may affect devtcu retudnfity. 

Recommended Operating Voltage Range 

(Vdo or Vaa + ) ■ * * * * * 4V Min to 7.5V Max 

Recommended Vaa * Operating 
Range Vqq ± 1 V 

Recommended Vaa " Operating 
Range , * . , . . . . . , V$$ i IV 
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Figure 2; Function Diagram 
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ELECTRICAL CHARACTERISTICS 


Parameter 


Teit Condition* nt 25X 
V*A+ - V 00 - 5V t V R rr + - 6,4 v, 

“ “ Vaa-* - V$$, CLK « 15 MHz, 
All Ref. Point* Adjusted 
(Union* Otherwlee Noted * 


Umlt* 


Min 


Mu* 


Resolution 


lntogr$f I ineanty Fnor 

•* «■*“ — — _ 

Differential Linearity Error 
Quantizing Frror 

Maximum Input Bandwidth 


1 * 


I 


w 


*%■ A ■■■ ! 


■MM 


(Note 1) CA33J8C 


in*t 


OH**i Frror. Unadjusted 

- ♦ ^ ^ a . W * *. « 

Gain Error Unadjusted 


Y)N “ v ref 7 _+ Vt t SR 
V| N *V REf :+ - V, LSB 


ft A 


A 


0 


— = ■«- m * 


v ini a^d (Vntr f ) - (V Rt f: -- ) 
Full Scale Range 

Vin (npu* Capacitance 




(Notes 2. 4) 


— 


V\u Input Current (See Text) 


V|m "= 6.4V 
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tCTRlCAL CHARACTERISTICS 


To»t Conditions at 2$*C 
V*A f = Vuo = SV. VREF+ - 6.4V, 
•Mtr - ’AA. = VSS.CUK - IS MHz, 
At Ref, Points Adjusted 
• * - 'Unless Otherwise Noted) 



J-State Output Off-State 
Curiftat, |02 

Ckrtput Cap acitance 

A KjV lCAi§ |my| q| wuIm iv*. ^ j_ — — - 

ft—** ** ^ r^, rTTn^. ^T**^** ft^i— -a* 

1 V * , ' ,: ' : *«••> « V^t,* »r>ouicl not «wMd V M + ♦ 1 W lor »ccur»cy • ' 

« IT™ “ ,L^ ' 80 “ '~*** — ^b.ACCC^WW.IV^^ «mc. 

ftot Urt 9u*f»At##d by totiQn or cNracSripSoft 
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Table 1; F in Description 




Description 


W J. 


J 


R4 


Output 

Data 

Bits 

(High “ True 



Table I: Pin Description (Continued) 

Pin 

Name 

Description 

20 

V*R 

Reference Ladder Midpoint | 

21 

i V(M 

Analog Signal Input 

22 

VrEF + 

Reference Voltage Positive Input 

23 

- — - , 

y-iR 

•- — ^ ■ p i 

Reference Ladder % Point 

24 

VkAT 

Analog Power Supply, + SV 


Tabl* 2: Chip Enable Truth Tabi« 


i(t e (MSB) 

Overflow 


10 

if 


ladder 


Digit a ( Ground 


CE1 

1 CE2 

Bl-Bfl 

OF 

0 | 

1 

Valid 

Valid 

1 

1 

Three-State 

Valid 

X 

0 

*■ M 

Three-State 

Throe-State 


n 


13 


Digital Power Supply, 4* 5V 

Three State Output Enable Input, 
Active Low, See Table 2, 


U 


Three* State Output Enable Input 
Active High. See Table 2 


’5 Vpfr 


Input 


16 V«n ( A nalog Signal Input 


AA - 


16 


L 


Analog Ground 

Clock Input 

Sample dock phase control input 
When PHASF is kiw. “Sample 
Unknown'* occurs when the clock is 
low and “Auto Balance’ 1 occurs when 
the dock *s high (see text). 


X “ Don't Care 


DEVICE OPERATION 

A sequential parallel technique i$ used by the CA33ift 
converter to obtain its high-speed opera! on. i tie sequence 
consist* 0! the ‘ Auto-Balance" phase, cj>t, and the **Sam- 
pie Unknown phase, <f>2, (Refer to the circuit diagram ) 
Each conversion takes one dock cycle*. With the phase 
control (pin 19} high, the “Auto-Balance" (<f»t) occurs during 
the high period of the clock cycle, and the “Sample Un- 
known" (<f>2) occurs during the low period of the dock cy- 
cle. 


im OttrtC* ****** only « aingto- phase clock The U*rminoluyy 
ffciefs ip the high tnc low p#r*o<Ji oi the uime dock 



^ kj gm 
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CA3318C 


the “A^to-Baiance" phflie. a transmission switch 

i$ used >o connect each ol the first set of 256 commutation 
cscwcaors to ther assorted ladder reference tap. Those 

t*c voftages be as fo^ows; 

v ur " !(N/256) VqecJ -(t/51?) Voccl 

» UWt- U/51 21 V*g* 

Where; ' : 7 -, rtVi . v ' v ;r , 

Vtae (n> — reference teter tap voltage at 

po^ t n 

V RE* » *ohsqe across - toV^r* 

H — Vac number (i 256) 

the other side of these capacHors are connected to sin- 
9 le-stagc acnpSfi^fs whose outputs are shorted to their in- 
puts by switches. Tt*s balances the amplifiers at the* intrin- 
sic trip points, which is approx i m ately (V**+ — V*a-)/2. 

The first set of capacitors now charges to their associated 
tap voltages 

At the same lime a socond set of commutating capacitors 
and ampler* is also auto-t* meed ^hg balancing of the 
second- stop© amc "er at its intrinsic tnp pomt removes any 
^actring deferences between the first and second amplifier 
s*aoes The cascaded auto balance (CAB) technique, used 
^c -ases co T ~?8f8tof sensitivity and temperature 

in the "Sample Unknown** phase, aff ladder tap switches 
and comparatSf s ho ring switches are opened. At the same 
Vne Vffsf *s switched to the first set of commutating capaci- 
tors. Since Hie other end of the capacitors are now looking 
into an effectively open ctgi. any input voltage that differs 

hom the previous tap voltage wet appear as a voltage shift 
at the comparator amp Shorn. AS comparators that had tap 
voltages greater than V*y wM go to a ‘'high" slate at their 
outputs Al con^>araiors that had tap voltages lower than 
will gc to a k?w’ state 

The status of ail these comparator amplifiers is ac cou- 
pled through the second-stage comparator and stored at 
Hie end of this phase {$2} by a latching amplifier stage. The 
atch feeds a second latching stage, triggered at the end of 
This delay aiows comparators extra settling time. The 
liner of the comparators is decoded by a 256 to 9-bit de- 
rodor array a r b tt e resuis are c»ocke-l «nto a storage reg- 
ister at the end cf the next 

a 3 stage buffer is used at the output of the 9 storage 
roasters wtech a*e eontrofied by two chip-enable signals. 
7^ T * : ndap9->ctenliy c sdbii B1 0M BS when t* -s h a 
high stale. CE 2 w* <ndependeotty disable 8 i through BS 
and Hie OP buffers when it is in the kw state. 


CA3318C 


To facilitate usage of this device, a phase control Input a 
provided which can effectively complement the clock as I 
enters the chip, 

Continuous-Clock Operation 

One complete conversion cycle can be traced through 
the CA3318 via the following steps. (Refer to finorng 
gram.) With the phase control in a "low" state, the rang 
edge of the dock input will start a "sample" phase During 
this entire "high” state of the clock, the comparators wi 
track the input voltage and The first-stage latches win track 
the comparator outputs. At the falling edge of the clock, a* 
256 comparator outputs are captured by the 250 la trim 
This ends the "sample” phase and starts the " autobal- 
ance ‘ phase for the comparators. During this "low' stale d 
the clock, the output of the latches settles and is captured 
by a second row of latches when the clock returns high, the 
second- stage latch output propagates through the decode 
array, and a 9*bit code appears at the D Inputs of the output 
registers. On the next falling edge of the clock, th»s 9-bt 
code is shitted into the output registers and appears with 
time delay t<j as valid data at the output of the 3-state d*v* 
er$ This also marks the end of the next "sample” phase, 
thereby repeating the conversion process for this next cy* 
cte, • • 

Pulse-Mode Operation 

The CA3318 ne«ds two of th© same polarity clock ®dg©» 
to complete a conversion cycle: If, for instance, a negative 
going clock edge ends sample "N‘\ then data "N w will ap- 
pear after the next negative going edge. Because ol thh 
requirement, end because there is a maximum sample time 
of 500 ns (due to capacitor droop), most pulse or intermit* 
tent sample applications will require double clock pulsing. 

If an indefinite standby state is desired, standby shouW 
be in auto-balance, and the operation would be as in 
5A, 

If the standby state i$ known to last less than 500ns and 
, lowest average power Is desired, then operation could be » 
in Figure 5B. 

Increased Accuracy 

In most cases the accuracy of the CA3318 should bo sufi 
f* riant without any adjustments. In applications where accu- 
racy is of utmost importance, five adjustments can be made 
to obtain better accuracy, t»Q., offset trim, gain trim: and V* 
: Vi and % point trim. 
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Figure 3: Input to Output Timing Diagram 
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Offset Trim 

in oentvai vwf©c#on C(*n be done in tho prooinp 

cifcuitry by introduce a dc shift to v, N oc by the ottset trim 
ol the op eirv When this « not possible tho Vprr- input 
cen be edjvstnd to ptoduce an offset trim. Tho theoretical 
input voftnpe to p<«fv<« the rirst tiensition is % LSB. Tho 
equation i$ i\\ km* * x 

VtN CO to 1 transition) » V* l SB «- Vi 

(Vr P p/2& 0) 

* Vref/512 

M V IN tof tho tirst transition is to$$ than the theoretical, 
*b*n a single turn 50ft pot connoctod between V^gp — and 
grourKJ *<fl accomplish tho adjustment. Set V IN to % LSB 
and trsm thw (.vt iriti) tho 0-to-1 transition occurs 

It tor the first transition is grantor than the theoretical, 
then tb© 50ft pot should be connected between Vpgf- - 
and u nopat<v© voltage of about 2 LSB*$, The trim proce* 
dure is as stated previously. 

Gain T rim 

fn ggn^pi. th^ yarn trim can also bo done in tho preamp 
circuitry by mtroducmq a yarn adjustment for tl>e op amp* 
When thte R riot possible, then a gain adjustment circuit 
should be made to adjust the teference voltage* To perform 
this trim. Vjm should be sot to the 255 to overflow transition. 
That voltage rs 1 r L SB less than V^rr 1 and Is colculatod 
as follows 

VtM (255 to 256 transition) « Vppr - Vnrr/512 

m (51 1/5t2) 

To perform tho gain trim, first do the offset trim end then 
apply the focused V (N for the 255 to overflow transition. 
Now adjust Vcgp+ until that transition occurs on the out* 

puts 

Vi Point Trims 

The % v* and > 4 points on the referenco ladder are 
U ought out tor linearity adjusting or it the user wishes to 
Create a non- linear transfer function. The V* points can be 
driven by tit© reference drivers shown (Figure 7) or by 2*K 
pots connected between VnrF + *hd V RFF'” ■ The % (mid-) 
point should be set fust by applying an input of 257/512 x 
(Vpt f.) and adjusting for an output changing from 120 to 
129 Stmtfariy the 1 4 and % points can be set with inputs of 
129/51 2 and 305/512 X (V«£ F ) and adjusting for counts of 
192 to 193 end 64 to 65. (Note that the points are actually 
%, y 7 and y 4 of full scale + 1 LSB ) 

9-Bit Resolution 

To obtain 9-bit resolution, two CA3316 S can t?e wiied 
togeHwr Necessary ingredients include an opon-onded 


ladder network, an overflow Indicator, three-state output*, 
and chip. enable controls — nit of which am available on the 
CA3318, 

Tho first step lor connecting a 9*blf circuit Is to totem-pon 
the ladder networks, as illustrated in Figure 8 Since thg 
absolute resistance value of each ladder may vary, external 
trim of the mid-ref ©ronco voltage may be required. 

The overflow output of the lower device now becomes 
the ninth bit. When H goes high, all counts must come from 
the upper device. When it goes low, all counts must com© 
from tho lower device. This is done simply by connecting 
the lower overflow signal to the CEi control ol the lower A/ 

D converter and the CE2 control of the upper A/D convert 
or. The three-state outputs of the two devices (bits 1 
through 8) are now connected in parallel to complete the 
circuitry. The complete circuit for a 9*brt A/D converter <s 
shown in Figure 9* 

Grounding/Bypassing 

The analog and digital supply grounds oi a system should 
be kept separate and only connected at the A/D. Tho 
keeps digital ground noise out of the analog data to be con- 
verted. Reference drivers, input amps, re’erence laps, ant 
the Vaa supply should be bypassed at the A/D to the ana- 
log side of the ground. See Figure 10 tor a block diagram 
this concept. All capacitors shown should be low imped- 
ance 0.1 jiF ceramics and should be mounied as cio^o lo 
the A/D as possible If V*a + »* derived from Voo a smol 
(ion resistor or Inductor and additional filtenng (4,7 **F tan^ 
latum) may be used to keep digital noise out of the ana'og 

system. 

Input Loading 

The CA33 18 Outputs a current pulse to the Vin termini »! 
th© start of every $emp!« period. This is due to capacitor 
charging and switch feedthrough and varies with input voy- 
age and sampling rale. The signal source must be capab* 
of recovering) from the pulse before the end of the 
period to guarantee 8 valid signal for the A/D to convert 
Suitable high speed amplifiers include the HA-5033, 
HA 2542. and CA345G, Figure 1 1 is an example ol an ampfc 
fier which recovers fast enough for sampling at 15 MM 2 , 

Output Loading . 

The CMOS digital output stage, although capable ol 
Ing large loads, will reflect these loads mto the local yiouud. 
It is recommended that a local GMOS buffer such as 
CD74MC541E be used to Isolate capacitrve toads. 
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Cod* 

Description 




Input Voltage 
v Rtr 

6,40V 6.12V 

<V) fV^ 

0 00 , 0.00 
Q.0?S 0.02 

0 06 0.04 



V* Puli Scale 



‘i \ J 


f 1 f,U ^ 1 * PPO/ I fifiT.'i c* *r Tt-t .- 

1 ,H,H ^VTLf-fc Mf ST 


Trj 


Vt Rmi Scale - i lsb 
Vt Tun Scaly 
% r oil Scoto + 1 t SB 


54 Put I Scak> 


Fud Seal© - 1 l SB 
•-mu Seal© 
Over Flow 



♦ 

1,28 


Tabl* 3; Output Coda Table 


MSB 

B8 87 
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3.175 

3.20 

3-225 

* 


2.54 

2.56 

2.56 
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3,84 
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6 35 
6 . 37 $ 
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Decimal 

Count 


0 

0 

1 


0 


1 

0 

0 


0 


1 

1 
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1 Nj Kited ebovo |tf (ho ktonJ confers of eet^ output 

Reducing Power 

Moai power is consumed while in the autobalance state. 
Wh*n operating at lower than 15 MHz dock speed, power 
can be reduced by stretching the sample (<f>2) time. The 
ccn$framu are a minimum balance time (4»1) ol 33ns* and a 
maximum sample time of 500ns, Longer sample times 
cm* droop m the auto balance capacitors. Power can also 
b* reduced in the reference string by switching the reler- 
anc* on only during autobalance. 



CO09 shown an a function of Its sraodattt? fot#fenc9 

Clock Input 

The Clock and Phase inputs feed buffers referenced lo 
Vaa+ and V M Phase should be tied to one of these two 
potentials, while the clock (if DC coupled) should be driven 
at least from 0.2 to 0.7 x (V M + - Vaa-)> The clock may 
also be AC coupled with at least a 1 Vp. p swing This allows 

TTL drive levels or 5V OMOS levels when + is greater 
than 5V, 
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Figure 3: Uplng two CA3318'a for 9*BH Resolution 
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OPERATING AND HANDLING 
CONSIDERATIONS 

1. Handling 

AH inputs and outputs tor CMOS device® have a net- 
work for electrostatic protection during handling. Rec- 
ommended handling pr actloes for CMOS devices are 
described in ICAN-6525 "Guide to Better Handling and 
Operation of CMOS Integrated Circuits". 

2. Operating 

A * 

Operating Voltage 

During operation neai the maximum supply voltage lim- 
it, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cou^o Von-Vss to exceed the absolute maximum 
rating, 


Input Signals 

An shown in the maximum ratings. aN inputs except V*. 
% REF, and Vr^f + have diodes to Vqq or V** + and 
from V$s or V AA“* Vm. % REF* and Vrff+ have, 
instead. 10V zener diodes to Vaa~* No current of 
greater than 20 mA should be allowed through any of 

these diodes, even when the supplies are off. 

% 

‘ Unused Inputs 

A connection must be provided at every Input tormina! 
AM unused input terminals must be connected to either 
Vqd or Vss. whichever r$ appropriate. 

Output Short Circuits 

Shorting ot outputs to V DD or V$$ may damago CMOS 
devices by exceeding the maximum device dissipation 
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